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@ An apparatus for thermoforming plastic sheet 
material which has a frame (34) and complementary 
mold halves (38a.38b) mounted on the frame for 
movement toward and away from one another. The 
apparatus has an indexing means (26) which moves 
along a vertical path to pull the plastic material (13) 
through the mold and a clamping means (44) dis- 
posed between the mold halves which operates with 



the mold to clamp the plastic sheet around the 
edges of the forming tool of one mold half. The 
indexing means and clamping means operate to 
reduce sag of the plastic material and improve uni- 
formity of the finished article. Operation of the ap- 
paratus is enhanced by the use of air pressure (120*) 
vacuum (120) and cooling (110.110*) during molding 
and release. 
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BACKGROUND OF THE INVENTION 

This Invention relates to an apparatus for man- 
ufacturing containers, lids and other plastic items 
by thermoforming a plastic sheet material on a 
continuous run basis. It relates in particular to 
small, relatively high-volume machines which op- 
erate using molds of single or few cavities. 

In general, in thermoforming processes, a 
sheet of thermoplastic material is carried across 
one-half of a mold. The thermoplastic sheet is 
heated, and at a specific time, the other half of the 
mold is Inserted into the first half at considerable 
pressure to form the desired shape in the thermo- 
plastic sheet. This process may be assisted by a 
vacuum on one side and pressure on the other to 
maintain the configuration of the mold and by cool- 
ing. It has been known to use large molds, which 
are usually multi-cavity for molds of small parts. 
Smaller molds are generally single-cavity or have 
relatively few cavities. In general, thermoforming 
machines have been increasing in size in an at- 
tempt to lower unit manufacturing costs. While this 
is satisfactory for an extremely high-volume opera- 
tion, it is not satisfactory for a lower volume opera- 
tion or thermoforming job. 

The basic difficulty with building a small ther- 
moforming machine using smaller molds is that the 
unit consumption of thermoplastic material in- 
creases as the mold is decreased in size. This is 
because most thermofomning machines carry the 
thermoplastic material through the machine and 
across the mold by a chainpin system which grips 
the thermoplastic material on each side of the 
sheet. A chainpin generally punctures the material 
one-quarter to one-half inch in from the edge, con- 
suming three-quarters to one inch on each side of 
the sheet, which is trim scrap and Is waste In the 
manufacturing process. Given a total sheet width of 
thirty inches on a standard thermoplastic material 
roll, one and one-half-inch total waste is approxi- 
nnately five percent of the material. However, with a 
small mold and a ten-inch sheet width, the same 
amount of waste Increases to fifteen percent of the 
total. In addition, since present thermoforming ma- 
chines run the sheet of thermoplastic material 
through the mold horizontally, the material must be 
held on the edges with the chainpin. Since the 
material is heated, as noted above, it becomes soft 
and pliable after passing through the radiant heat- 
ers and thus begins to sag as It is carried Into the 
forming station. Sagging creates problems known 
In the trade as "bridging", "webbing", "thinning" 
and "dragging" which result in thin walls in various 
spots in the molded Item, premature cooling of 
other spots and lower overall quality of the finished 
product. 



Another present process exists which does not 
use chalnpins as material can'iers. This Is a contact 
heat thermoformer wherein the material is heated 
in the actual forming station, where it is held while 
5 being heated on a flat-bottom plate. This process 
works well with specific plastics which are heavily 
oriented and shrink when they are heated. The 
process has the distinct limitations of being only 
feasible for running on female molds, and it cannot 
10 be plug-assisted due to the required flat heating 
plate. Speeds are also limited somewhat in that the 
material must be heated when it is in the forming 
station, although initial pre-heating can be done. 
These machines are generally used for very low 
75 profile containers such as thin-gauge, high-volume 
food trays and pill and tablet packs for phar- 
maceuticals. The greatest limitation in this method 
is the lack of plug-assisting, which limits these 
machines to shallow and very simple parts. As 
20 noted above, the contact thermoforming machine is 
used extensively for forming oriented polystyrene 
(OPS) which has a tremendous orientation, i.e., it 
tends to shrink when heated, 

A final apparatus which is presently in use is 
25 called the cap-press machine. These machines, 
which are constructed in Holland, are specifically 
used to thermoform caps for round containers, us- 
ing .01 to .015 polyvinylchloride (PVC). Such ma- 
chines feed the material vertically from top to bot- 
30 tom, eliminating the need for the chainpin. These 
machines, however, are cam-driven, which mini- 
mizes their adjustability and versatility. In addition, 
due to the fixed cam cycle, it is not possible to 
obtain a plug-assist on such machines. This ma- 
35 chine also requires use of a "cut-in-place" method, 
producing an accurately cut part but requiring very 
expensive tooling. The machine uses either contact 
heat or radiant heat in a pre-heat mold. 

The object, therefore, of the present invention 
40 is to eliminate extensive material waste in connec- 
tion with thermoforming involving smaller machines 
with single or multiple cavity mold for use with 
thermoplastic material sheets. It is also an object of 
this invention to move the thermoplastic sheet 
45 through the forming station in a manner so as to 
retard sagging and other problems such as bridg- 
ing, webbing, thinning and dragging over the mold. 
A further object of this invention is to produce an 
apparatus having the ability to be plug-assisted to 
50 produce a variety of thermofonmed objects. Anotfier 
object of the invention is to produce a thermofor- 
ming apparatus capable of obtaining a relatively 
high speed for the size of tiie machine with greatiy 
improved control of the process. A further object is 
S5 to produce a thermoforming machine which can be 
used effectively with small and relatively inexpen- 
sive tooling, and which is adjustable to fit various 
sizes of tooling and different sizes of thermoplastic 
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sheet materials. A further object of the invention Is 
to be able to clamp closely around each mold 
cavity to control quality and minimize the material 
consumed. Another object of the invention is to 
produce an apparatus having a clamping mecha- 
nism which can remain in position while the sheet 
is indexed past it to allow for a relatively inexpen- 
sive clamp mechanism that is merely mounted to 
the machine and has no moveable parts to it. 

SUMMARY OF THE INVENTION 

The apparatus disclosed and claimed in the 
present application overcomes many of the dis- 
advantages of the prior art machines. It provides 
for a small, high-speed thermoforming apparatus 
and minimizes waste of material. It also permits the 
use of plug-assisting, and reduces material sag- 
ging, thus producing quality thermoformed pro- 
ducts. 

The apparatus of the present invention verti- 
cally feeds a thermoplastic material, from a roll 
through a pre-heating station to a forming station, 
which may consist of a mold having a single-cavity 
or multiple-cavities or forming tools. The plastic 
sheet is moved through the apparatus by a hori- 
zontal gripping jaw located above the forming sta- 
tion that grips the sheet across its width and raises 
it upwardly from the bottom toward the top of the 
machine. The gripping jaw completely eliminates 
the side chainpin system and substantially reduces 
the material waste inherent in such mechanisms. 

The gripping jaw moves the material into a 
forming station where a peripheral cavity clamping 
tool acts to grip the material around the edges of 
each molding cavity or forming tool and locks in 
each cavity for uniformity. The clamping mecha- 
nism can remain in position while the sheet is 
indexed past it due to the fact the sheet does not 
sag into this part, as it does in the horizontal chain 
mechanisms. This allows for a relatively inexpen- 
sive clamp mechanism that is merely mounted to 
the machine and has no moveable parts to it. 

At the forming station, each mold cavity or 
forming tool Is isolated so that each part is formed 
independently of the other parts. Single cavity 
clamping is a preferred feature of the present in- 
vention, as it allows a high degree of control and, 
therefore, quality, and in many cases, further de- 
creases material consumption. Material consump- 
tion is reduced because female and male forming 
tools can be spaced more closely than on conven- 
tional machines and because adjacent cavities or 
forming tools do not interact with each other after 
they have been isolated by the clamping tool. 

With the clamping tool in place, the thermo- 
plastic material is drawn into the cavity. This draw- 
ing may be assisted by a combination of vacuum, 



air pressure, and male or female plugs or rings as 
the case may be. In addition, cooling may be 
applied at the forming station to quickly form the 
part and create a better quality final product. 
5 The vertical forming capability of this machine 

means that the pre-heating station can use contact 
heaters. The plastic is sandwiched between the 
heaters as they open and close during each cycle, 
allowing for a more efficient transfer of heat. Sens- 
10 ing means assure a very accurate control of the 
heat level. Accurate heat control is an important 
factor in increased speed because for every BTU 
of heat that is put Into the plastic beyond what is 
needed to make the plastic formable, additional 
75 time must be allowed in the cooling cycle to dis- 
sipate that heat to obtain a rigid state. In addition, 
zone control on contact heaters is much more 
effective than attempts to control the radiant heat- 
ers used on chain-fed horizontal thermoforming 
20 machines. 

The present invention may also include an 
automatic speed-up function to provide the highest 
possible machine speed automatically, rather than 
by operator control. During the operation of the 
25 machine, speed of a cycle is governed by the 
heating and cooling time of the formed part. Both 
of these factors are controlled by heater and mold 
temperatures and the delay time as the machine 
stops to allow cooling. It is possible, by trial and 
30 error, to lower the dwell time and adjust the heater 
temperatures and cooling mold temperatures to 
obtain an optimum speed. The present invention 
may Include infrared sensors which measure the 
cooled or ejected part and a contact sensor which 
35 measures the heated material. Thus, since these 
temperatures are known and may be controlled by 
a micro-processor, the delay time may be incre- 
mentally lowered to the most efficient point. 

The fomiing station includes a forming press 
40 which operates either hydraulically or mechanically. 
The mechanical method includes the use of a 
servo motor and ballscrew. The servo motor and 
ballscrew system allows better control of platen 
speed and position, as well as an infinitely adjust- 
45 able press shut height. The servo motor and ball- 
screw system is programmed so that when a new 
job is set up, the two mold halves move at a slow 
speed to the clamp bar mechanism at which time it 
hits, builds up a pre-calculated pressure and stops. 
50 This setting is then recorded and the mold means 
opened. The machine is now ready to operate at 
high speed returning to this same precise position 
time after time. 

Another feature of the apparatus is high-pres- 
55 sure forming. Most thermoforming presses are built 
to operate at about thirty (30) pounds per square 
inch (PSl). This apparatus will go as high as a 
hundred (100) PSl. Higher forming pressures allow 



5 



EP 0 670 214 A1 



the forming of plastic at lower temperatures, mean- 
ing quicker cooling and higher operational speeds. 

The cutting station Is not included as a part of 
this forming apparatus, as it is in some thermofor- 
ming machines. Prior art machines usually steel s 
rule die cut at high speeds, with the die cut directly 
In-line with the forming station while the material is 
still trapped in the chain web. The index stroke is 
critical to the accuracy of the cut, i.e.. any mis- 
placement or misalignment of the thermoformed io 
parts due to the forming results in an inaccurate 
cut. 

To the contrary, the cutting station used In this 
apparatus may be independent from the forming 
station. Specifically, the cutting station may be fed 76 
a web of joined thermoformed parts which are 
removed from the forming station by an accumula- 
tion loop containing an excess number of uncut 
thermoformed parts. The parts are realigned in the 
cutting station, using a male plug to align the part 20 
under a cutting die. Thus, any misalignment due to 
the forming is corrected after the piece goes 
through the accumulation loop and is realigned at 
the cutting station. 

In summary, the unique invention represented 25 
by this machine uses vertical feeding of material 
into a fonning station in which the material Is 
isolated over the forming tool by a unique material 
clamping means. Vertical feeding eliminates ma- 
terial sag which occurs in horizontal feed machines 30 
and minimizes related forming problems. The lack 
of sag allows easy and effective clamping around 
each forming tool or cavity of the mold, thereby 
producing more uniform parts, i.e. high quality with 
less material waste because of smaller required 35 
spacing between parts. 

Moreover, the absence of a side chain pin feed 
allows for the elimination of a complete tooling 
package which normally has to fit between the 
chain rails down to the movable platen. This is aq 
usually either a high cost custom tool package or a 
stock package which requires additional materials. 
This invention, therefore, allows for lower cost tool- 
ing and/or lower material consumption. 

Finally, the absence of a chain pin feed allows 45 
contact heating which results in faster heating of 
the thermoplastic with greater control to Increase 
the speed and efficiency of the operation. 

DESCRIPTION OF THE DRAWINGS so 

The subject invention will be described in rela- 
tion to several views in the drawings wherein. 
Figure 1 shows a side elevational view of the 
overall thermoforming apparatus of the present 55 
invention; 

Figure 2 is a top plan view taken generally along 
line 2-2 in Figure 1. showing the forming station 



of the present invention; 

Figure 3 Is a partial plan view of the fomrilng 
station In Figure 2, showing the forming press in 
a first position as the plastic is being moved into 
the forming station; 

Figure 4 is a partial plan view of the forming 
station of the present invention as shown in 
Figure 2, showing the retaining or clamping 
means moved into position over the plastic in 
the mold; 

Figure 5 is a series of elevation views of the 
sequential operation of the forming station 
wherein: 

Figure 5a shows the forming station open and 
the indexer gripping the thermoplastic sheet 
to begin an upward pull. 
Figure 5b shows the indexer in its upper 
position with the sheet in the forming station. 
Rgure 5c shows the clamping ring being 
brought adjacent the sheet and the mold cav- 
ity. 

Figure 5d shows the mold halves btr pg 
brought together. 
Figure 6 is a representative type of thermofor- 
med object manufactured in accordance with the 
present invention showing a mold having a cav- 
ity forming tool below it and a clamping means 
above it; 

Figure 7 shows a front elevational view of the 
mounting platen used In connection with the 
mounting of molds; and 

Figure 8 shows an elevational view of the cool- 
ing platen with means for circulating liquid in 
order to cool the formed part. 
Figure 9 is a partial plan view showing the sheet 
guide indexer in open position. 
Figure 10 is a view of the indexer and mold 
clamping means. 

Figure 11 shows the servo motor and ballscrew 
system for moving the mold means. 
Figure 12 shows the servo motor and ballscrew 
system for moving the mold means. 
Figure 13 shows a frontal view of the vertical 
thermoforming apparatus including the cutting 
means. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings, particularly Fig- 
ure 1. there is shown a themnoforming apparatus 
10 according to the present invention, having a 
lower frame 11 and an upper frame 34. The lower 
frame is comprised of horizontal beams 12 and 
vertical beams 14. The lower frame is supported by 
adjustable leveling feet 20. Plastic supply means 
16 is supported by plastic roll support 22 and 
supplies a continuous sheet of thermoplastic ma- 
terial 13, such as polyvinylchloride (PVC), through 
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feeder means 24. As plastic sheet 13 enters the 
inventive apparatus 10, it Is moved to a vertical 
position through the use of sheet guide 30. Feeder 
means 24 moves in conjunction with sheet guide 
indexer 26 mounted on an upper frame 34 to form 
an accumulation loop of plastic sheet 13 below 
guide 30. Indexer 26 fomned of opposing jaws 26a 
and 26b moves in a reciprocal vertical manner to 
pull a section of sheet 13 into contact heaters 32, 
where that portion of sheet 13 is heated to a 
temperature sufficient for it to be thermoformed. 
The exact heater temperature would, of course, 
depend upon the properties of the sheet, such as 
type of material, thickness, etc. The heaters 32 
may Include a specially treated silicone surface to 
promote material release. 

The heated plastic sheet 13 is moved from 
heaters 32 by indexer 26 into press or forming 
station 18, where it is thermoformed into the de- 
sired shape or part 14. The attached thermoformed 
parts 14 are pulled from press 18 by sheet guide 
indexer 26, which is shown in Its elevated position 
at 28. The sheet of part 14 is thereafter pushed 
over ramp 45 toward the cutting station 98, forming 
an accumulation loop 41 in between as shown in 
Figure 13. 

As can be seen by the shadow lines in FIG. 1 . 
sheet guide indexer 26 moves as a unit vertically in 
a reciprocal fashion, relative to upper frame 34 
pulling the thermoformed sheet 13 in a vertical 
path up out of the forming station 18. As shown in 
Figures 9 and 10, Jaws 26a and 26b of indexer 26 
are mounted on a support area 25 which move 
vertically on rods 27. The jaws open and close in a 
horizontal movement In timed relationship to the 
vertical movement. For example, after indexer 26 
pulls a formed section upward out of forming sta- 
tion 18, its jaws open and it moves downwardly to 
grip and pull a new portion of sheet 1 3. At the low 
point of its downward stroke, jaws 26a and 26b 
close to grip sheet 13 at a point just below the 
lowermost formed part 14. Movement of jaws may 
be by pneumatic means controlled by trip and 
solenoid switches or by computer timed signals. 

Turning to FIGS. 2, 3, and 4, there are shown 
more detailed views of the forming station 18 
mounted on upper frame 34 where the plastic 
sheet 13 is thermoformed. Specifically. FIG. 2 
shows upper frame 34 of apparatus 10 mounted on 
lower frame 11, with plastic sheet 13 located be- 
tween the mold halves 38a and 38b as it is ther- 
moformed in the forming station 18. The opposite 
sides of the forming press station 18 and the mold 
halves 38a and 38b can be adjusted relative to one 
another by movement along tie rods 54. Tie rods 
54. along which the moving parts of the forming 
station 1 8 may slide, are mounted to upper frame 
34 by plate anchors 50. Tie rod bolts 74 and plate 



anchor bolts 108 secure tie rod 54 to plate anchor 
50, and plate anchor 50 to frame 34, respectively. 
Hand wheels 58 are used to adjust the positions of 
the male and female mold portions relative to one 
6 another. The stroke of the press can be adjusted 
by turning the hand wheels 58. When the desired 
position is obtained, the shaft locks 52 and 52' and 
hexnut 59 and 59' are tightened to maintain posi- 
tion. 

70 The components of the forming press station 
18 which are mounted on tie rods 54 include two 
oppositely disposed platens 2 and 2\ oppositely 
disposed mold plates 38a and 38b. one being a 
male forming tool or mold portion, while the other 

76 is a female forming tool or cavity portion. Primary 
manifolds 40 and 40', tooling platter 82 and 82'. 
mold clamp means 44 and a clamp retainer 46 are 
also mounted on rods 54. The components are 
sandwiched together in a molding position and 

20 maintained in their relationship in molding and 
open position by tie rod bushings 70 and 70* on 
the outside of the platens 2 and 2\ and clamp ring 
bushings 72 and 72* located between platens 2 and 
2'. as shown in Rgures 2. 3 and 4. The center line 

25 of the forming station along which plastic sheet 13 
is pulled upwardly in a vertical movement is gen- 
erally to the left of the mold clamping means 44 as 
shown in Figure 2. The mold halves 38a and 38b of 
the forming station 18 are pushed toward and firm- 

30 ly drawn away from each other during this cycle of 
operation of the apparatus. The means to move the 
mold halves are hydraulic piston means which are 
generally shown at 56 and 56'. A hydraulic cylinder 
of common manufacture that may be activated 

35 relatively quickly to reciprocate in opposite direc- 
tions has the advantage of maintaining constant 
hydraulic pressure on the mold in a closed posi- 
tion. Alternatively, mechanical means including a 
servo motor and ballscrew system can be used to 

40 move the mold halves. 

When mechanical means including a servo mo- 
tor 84 and ballscrew 86, as shown in Figures 11 
and 12, are used to move the mold halves 38 and 
38b, the thermoforming apparatus 10, upon setup, 

45 automatically senses the size of the tooling and 
records the presses shut height, the distance be- 
tween the oppositely disposed platens 2 and 2', as 
the full in position. Once running, the thermofor- 
ming apparatus 10 will cycle between the full in 

50 position and a user defined half out position. The 
platens 2 and 2' are actuated by turning the ball 
nut 88 through a servo motor 84 and timing belt 
90. The ballscrew 86 Is rigidly fixed to a platen 2 
and 2*, and does not rotate. Motion Is accom- 

55 plished only by turning the ballnut 88, which is 
supported In a bearing brace 92. Once the platens 
2 and 2' are in the full In position, a disk brake 94 
is used to lock the ballscrew 86 from turning while 
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the mold halves 38 and 38b are pressurized for the 
forming process. The disk brake 94 is needed 
because the servo motor 84 itself cannot generate 
enough torque to hold the platens 2 and 2' shut. 

The mechanics of the actual press forming 
station 18 can be seen more clearly in Figures 3, 4 
and 5. The forming station 18 Is shown in its open 
position in Figures 3 and 5a. As shown in Fig. 5a. 
when a fomned part 14 is withdrawn from station 18 
by Indexer 26a, a heated, but unformed portion of 
plastic sheet 13 is simultaneously moved upwardly 
into position by indexer 26 to allow a new portion 
of sheet 13 to be molded, as shown in Rg. 5b. 
When the heated plastic sheet 13 is moved into 
position, the left-hand side of the forming press 
containing the female mold 38a is moved Into 
position against the left-hand face of the heated 
sheet 13. The mold clamp means 44, which is held 
by retainers 46, moves along tie rods against the 
right hand face of heated sheet 13 so that it 
presses sheet 13 against platen face of mold 38a 
to form a border around the cavity or forming tool 
15 in the mold 38a. It is desirable that the outline of 
the clamp means 44 fits around the areas to be 
molded as closely as possible to avoid material 
waste. 

As an alternative, clamp means 44 may be 
held in a stationary position, and the desired mold 
half moved against it to squeeze sheet 13 there 
between. It has also been found that a resilient 
sealing ring 45, made from a material such as 
rubber, when placed around the mold cavity in a 
geometry corresponding to the clamp means 44 as 
shown in Figure 6 will provide a better seal for 
clamp means over the sheet. When clamp means 
44 has been moved into place so as to contact 
plastic sheet 13 as shown in Figures 4 and 5c, it 
acts to secure sheet 13 against the female side 
38a of the mold in such a manner that each area of 
the sheet 13 which is to be molded is individually 
secured around its borders and isolated from the 
areas of sheet 13 directed to other mold cavities. 
This is a key feature of the present invention, as 
prior art thermoforming machines secured the plas- 
tic sheet only at its outside edges or perimeter 
allowing various internal areas of the sheet to inter- 
act as they were being thermoformed and yielding 
a less precise and lower-quality finished product 
than is available using the present invention. After 
being secured as described above, sheet 13 is 
drawn by male plate tooling 38b which closes in on 
the female platen 38a by being moved along tie 
rods 54 as shown in Figures 2 and 5d. As noted 
above and as shown in Figure 2, plug assists 39 
may be used to provide a more uniform molded 
part. 

The unique construction of the molds shown in 
Figures 2, 3. 4 and 5 allows use of vacuum and air 



pressure to assist in the molding operation to 
achieve a better quality product more rapidly. 
Vacuum is applied through lines 120 to evacuate 
the cavity 15 as the plastic is drawn into mold 38a. 
5 Positive air pressure is applied through line 120* 
and manifold 40* into mold 38* to assist in drawing. 
Upon formation, the valves (not shown) to the lines 
120 and 120' are reversed to reverse the vacuum 
and air pressure to opposite sides of the mold to 
10 help separate the mold halves and separate the 
formed plastic sheet from this mold. Figure 7 is a 
cross sectional view of the manifold 40 (or 40') 
through which air pressure or vacuum is directed to 
molds 38a and 38b. The plurality of openings 48 
15 through the manifold 40 allows more than one mold 
cavity to be serviced. In addition, the mold mount- 
ing means, including platens 80 and 80* and tooling 
plate 82 and 82'. are designed to permit the cir- 
culation of cooling water throughout the process. 
20 Figure 8 shows the path of the cooling fluid through 
a cutaway view of the tooling plate 82 which is 
connected with cooling fluid line 110. A timed slight 
delay is used following the molding of the thermo- 
plastic part to allow the molded plastic sheet to be 
25 cooled sufficiently so that with the air/vacuum as- 
sist it may be withdrawn from the molds and 
moved out of the forming press station 18 n a 
rapid fashion and with no damage to the formed 
thermoplastic part. 
30 In Rgure 6, there is shown a typical thermo- 
plastic part 45 which Is formed out of the plastic 
sheet 13 with a portion labelled "A" having been in 
the left-hand or female side of the mold 38a and 
the face labelled "B" having faced the right hand 
35 or male side of the mold 38b. The clamping means 
44 is shown as divided into three areas corre- 
sponding to the cavities 15 in mold 38a and would 
clamp the mold 38a generally along the borders 
labelled "C on the flanges of the part 45. A rubber 
40 sealing ring may be placed about the borders of 
each cavity to promote a better seal between the 
mold face sheet and clamp. Figures 7, 8 and 9 
show the platens 80 and 80', primary manifolds 40 
and 40* and the tooling plates 82 and 82'. These 
45 elements are the same on the right-hand side of 
the forming station 18 as on the left-hand side. The 
primary manifold 40 is attached to the platen 80 
and has openings formed therein to allow the pas- 
sage of air and the evacuation of air from mold 30 
50 through the tooling plate 82. The vacuum and air 
pump means are of conventional design and may 
be mounted on the frame of the apparatus 10. 
These are activated by a suitable switching means 
which in turn may be controlled, as are all the 
55 timed components of the cycle, by means of a 
micro processor (not shown). The air which enters 
through the primary manifold or which is evacuated 
during the vacuum cycle is directed to the mold 
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cavities and through tiny openings in the nnold face 
to those portions where it Is desired. 

The thermoformed parts 96 one© formed are 
fed to the cutting station 98 as shown In Figure 13. 
The cutting station is Independent from the forming 
station 18. 

A specific embodiment of this invention has 
been described for purposes of IJJustrating the 
manner In which- the invention may be made and 
used. It should be understood that implementation 
of other variations and modifications will be appar- 
ent to those skilled in the art and that the invention 
is not limited by the specific embodiment de- 
scribed, but is intended to cover any and all modi- 
fications, variations or equivalents that fall within 
the scope of the underlying principals disclosed 
and claimed herein. 

Claims 

1. An apparatus for thermoforming plastic sheet 
material into desired forms In a manner so as 
to minimize material waste and improve prod- 
uct quality, comprising: 

a. a forming station including complemen- 
tary first mold means and second mold 
means moveable toward and away from 
each other along a horizontal axis, one of 
said mold means having at least one for- 
ming tool therein; 

b. Indexer means disposed above and adja- 
cent to said mold means for moving said 
plastic material into said forming station 
without the use of a chain rail or clamping 
rail running along side the material and po- 
sitioning said material vertically between 
said mold means to eliminate sagging of 
said material and the need for said chain 
rails or said clamping rail during a molding 
operation; said indexer means being movea- 
ble along a vertical path in a reciprocal 
manner relative to said mold means; 

c. means for moving said mold means adja- 
cent one another in said molding operation 
with said plastic material disposed vertically 
there between, said mold means cooperat- 
ing to form a molded article; 

d. means disposed between said first mold 
means and said second mold means to 
clamp said plastic sheet material around 
said forming tool in one of said mold means 
during said molding operation to thereby 
Isolate and Individually secure around all of 
Its borders each area of said plastic forming 
tool and provide more uniform drawing of 
said plastic material. 



2. The thermoforming apparatus of claim 1, In- 
cluding assist means for facilitating said mold- 
ing operation and release from said mold 
means of said thermoformed article wherein 

5 said assist means includes positive air pres- 

sure supply means directed to one of said 
mold means and negative air pressure supply 
means directed to the other of said mold 
means during molding; said assist means be- 

10 ing reversibly directed to the opposite one of 

said mold means after molding; said plug as- 
sist means being mounted on one of said mold 
means. 

75 3. The thermoforming apparatus of claim 1, in- 
cluding a frame, a plurality of generally hori- 
zontal, parallel rods mounted on said frame, 
first mold means and second mold means 
mounted on said rods for sliding movement 

20 therealong. and mechanical or hydraulic means 
for moving said first mold means and said 
second mold means toward and away from 
one another along said rods. 

25 4. The thermoforming apparatus of claim 1 
wherein said indexer means includes a jaw 
means having a first clamping portion and a 
complementary second clamping portion, said 
clamping portions being movable toward and 

30 away from one another along a horizontal axis, 
said first and second clamping portions being 
operable to engage opposite faces of said 
plastic sheet material to hold said plastic sheet 
in a position such that its length runs vertically 

35 from the bottom to the top of said apparatus; 
said first and second clamping portions Include 
elongated edge means which are operable to 
grip said plastic material substantially across 
its width; said edge means being movable 

40 together in a vertical manner when gripping 
said plastic material to raise said plastic ma- 
terial. 

5. The thermoforming apparatus of claim 1, 
45 wherein said means to clamp said plastic ma- 

terial against one of said mold means is a 
clamping tool which is mounted on said gen- 
erally parallel rods mounted on said frame, 
said clamping tool having at least one opening 
50 formed therein generally corresponding in out- 
line to said fomning tool, said clamping tool 
when positioned adjacent said forming tool 
with said plastic sheet therebetween acting to 
prevent said plastic sheet from moving relative 
55 to said forming tool during molding to provide 

uniform drawing of said plastic sheet; said 
means to clamp said plastic material against 
said mold means includes a resilient sealing 
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means disposed on an opposite side of said 
plastic sheet from said means to clamp to 
provide better sealing between said mold 
means, said plastic sheet and said means to 
clamp. 5 

6. The thermoforming apparatus of claim 1 
wherein one of said mold means has multiple 
forming tools formed therein and said means 

to clamp has openings formed therein cor- io 
responding in shape and location to each of 
said forming tools. 

7. The thermoforming apparatus of claim 1 in- 
cluding means to cool said mold means during is 
said molding operation, wherein said means to 

cool said molding apparatus Includes a tooling 
plate mounted adjacent said mold means, said 
tooling plate having circulation passageways 
formed therein to receive and circulate a cool- 20 
ing fluid therethrough to permit the transfer of 
heat from said mold means to said cooling 
fluid. 

8. The thermoforming apparatus of claim 1 in- 25 
eluding heating means disposed adjacent the 
upward path of travel of said plastic sheet 
means and operating to heat selected portions 

of said plastic sheet prior to molding to facili- 
tate thermoforming of said sheet and cutting 30 
means designed to cut each thermoformed 
part from the sheet of material fed to said 
cutting means. 

9. In an apparatus for thermoforming plastic sheet 35 
material of high orientation and including a 
frame, complementary mold means mounted 

on said frame for movement relative said 
frame, the improvement comprising means to 
move said plastic material in a vertical manner 4o 
relative to said mold means such that said 
plastic material remains essentially vertical at 
all times during molding. 

10. The improvement of claim 9 where said means 45 
to move said plastic material comprises a pair 

of opposed indexing jaws mounted on said 
frame above said mold means and movable 
horizontally toward and away from one another 
and vertically as a pair toward and away from so 
said mold means. 
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